Background
Over the past decade, there have been substantial increases in antiretroviral therapy (ART) access for people living with HIV (PLHIV) [1] . However, a substantial number of PLHIV continue to experience advanced HIV disease, contributing to ongoing HIV-related morbidity and mortality [2] . About 940,000 HIV-related deaths occurred globally in 2017 and about 70% of these were from sub-Saharan Africa [3] . Mortality is very high among individuals with advanced HIV disease particularly those with very low CD4 count [4] [5] [6] [7] .
Rapid ART initiation improves survival of PLHIV [8, 9] and most countries have now implemented the WHO recommendation to start all PLHIV on ART regardless of CD4 count, called 'treat all', in the hope of improving survival of PLHIV [10] . However, despite sharp increases in number of ART initiations, HIVrelated mortality has declined little over recent years [11] suggesting that even in the context of 'treat all', specific focus has to be directed towards patients with advanced HIV disease who are at highest risk of mortality. In order to reduce high HIV-related mortality and morbidity [2, 12, 13] , the WHO released guidelines in 2017 for managing individuals with advanced HIV disease including their rapid initiation on ART [14] . In order to apply these recommendations effectively, we need to know the number and characteristics of people with advanced HIV to plan for their management and allocate resources appropriately.
Clinic-based studies have been used to estimate the burden of advanced HIV disease [15, 16] . While these studies provide a quick and relatively inexpensive way to quantify this burden, the estimates from such studies may fail to accurately reflect the true number and characteristics of individuals with advanced HIV disease, because of selection bias in clinic populations rather than at population-level.
We aimed to quantify and describe the population-level characteristics of people with advanced HIV disease using data from HIV prevalence surveys that were conducted in three sub-Saharan African countries: Ndhiwa (Kenya), Chiradzulu (Malawi) and Eshowe (South Africa).
Methods

Study design
We used data from three population-based crosssectional HIV prevalence surveys conducted in Ndhiwa (Kenya: September-November 2012), Chiradzulu (Malawi: February-May 2013) and Eshowe (South Africa: July-October 2013). All the surveys were not national representative surveys. The study methods have been described in detail elsewhere [17] [18] [19] . Briefly, a two-stage sampling design was used, first using systematic sampling to select clusters based on demarcations from the national population and housing censuses, which had been conducted prior to the surveys. Then, from each selected cluster, we randomly selected 25 households Chiradzulu (Malawi) and Eshowe (South Africa); 20 households for Ndhiwa (Kenya), making the sample selection self-weighting. More households than were needed were sampled to allow these additional households to be used as replacements if no one was found at home. All individuals aged 15-59 years old who were residents of the study area or visitors who had spent the previous night in the study area were eligible for inclusion.
At the time of the survey, countries were using different ART eligibility criteria. For all countries, PLHIV were ART eligible with CD4 ≤ 350 cells/µl or WHO Stage 3 or 4 disease. Kenya prevention of mother to child transmission (PMTCT) guidelines were 'Option A' (ART when CD4 ≤ 350/µl for pregnant and breastfeeding women and antiretroviral prophylaxis only if maternal CD4 > 350/µl), for South Africa 'Option B' (ART for all pregnant and breastfeeding women until cessation of breastfeeding) and for Malawi 'Option B+' (lifelong ART for all pregnant and breastfeeding women).
Data collection methods
We interviewed consenting individuals at their households using a structured questionnaire and conducted a rapid HIV test if they gave consent to be tested. For minors younger than 18 years, parental/guardian consent was sought first in Ndhiwa (Kenya) and Eshowe (South Africa) but was not required in Chiradzulu (Malawi) where minors aged 14-17 years old are considered able to give their own consent for HIV testing. Details of HIV rapid testing methods and other laboratory tests carried out including testing materials have been reported in more detail elsewhere [20] . Data were double entered using EpiData and checked for inconsistencies before analysis.
Statistical methods and analysis
Detailed description of the demographic characteristics of the study population has been reported elsewhere [20] . For this analysis, we compared the characteristics of PLHIV with and without advanced HIV disease using chi-square tests. Since we did not have clinical data of individuals who participated in the studies, we considered all PLHIV with CD4 count <200 cells/µl as having 'advanced HIV' disease, with the remainder of PLHIV referred to as 'individuals without advanced HIV'. Only data collected during the surveys were used for this analysis.
We compared the cascade of care (from diagnosis (those who knew they were HIV-positive), to those on ART, to virologically suppressed) for all individuals with advanced HIV disease stratified by country and sex using chi-square tests. As the risk of mortality and morbidity increases with decreasing CD4 cell count [4] [5] [6] , we also evaluated the cascade of care only among individuals with CD4 < 100 cells/µl. Among those on ART, we further examined the distribution of advanced HIV by duration on ART, categorized as <6 months or ≥6 months on ART. We chose ≥6 months as the comparison period as WHO indicates this is long enough for a positive effect of treatment on CD4 count for those taking their medications consistently [21] .
For patients on ART for ≥6 months, we compared their median period on ART between individuals with and without advanced HIV disease. We also summarized virologic suppression (<1000 copies/ml) among those on ART for ≥6 months. All estimates were weighted to account for sampling design.
We used logistic regression to assess the association between age, sex, ART status and knowing one's HIV status and advanced HIV disease for each country and random effects logistic regression for the overall data to allow for clustering by country. Using stepwise model building, age and sex were included a priori and ART status was added as a main explanatory variable for advanced HIV. HIV status knowledge and viral load were not included in the final model because they were collinear with ART status. We analysed the data using STATA 15 (Stata Corporation, College Station, Texas).
Results
Of 21,798 eligible individuals, (6833 (31.4%) Ndhiwa (Kenya)), (8277 (38.0%) Chiradzulu (Malawi)), (6688 (30.7%) Eshowe (South Africa)), 18,991 (87.1%) participated and accepted an HIV test of which 4113 (21.7%) tested HIV-positive. Of the 2807 (12.1%) who did not participate, (757/6833 (11.1%) Ndhiwa (Kenya)), (1008/8277 (12.2%) Chiradulu (Malawi)) and (1042/6688 (15.6%) Eshowe (South Africa)), the reasons for non-participation were; 51.9% not at home, 38.6% refused, 6.1% were incapacitated and for 3.4% the reasons were unspecified. Proportion of adolescents aged 15-17 years old who refused to provide consent to participate in the study was slightly higher in Eshowe (South Africa) with 63/ 937 (6.7%) followed by 36/851 (4.2%) in Ndhiwa (Kenya) and 35/1066 (3.3%) in Chiradzulu (Malawi).
HIV prevalence was highest in Eshowe (South Africa), 25 Table 1 shows the distribution of baseline characteristics by HIV status. The overall distribution shows that in comparison to those without HIV, among PLHIV there was a lower proportion of HIV-positive men, youth aged 15-19 years and a higher proportion of people with no schooling, widow/ers and those doing farming as a source of income.
Overall, 385/3957 (9.7%) PLHIV had advanced HIV disease; 7.8% (95%CI 6.4-9.5) in Chiradzulu (Malawi), 9.8% (95%CI 8.0-11.9) in Eshowe (South Africa) and 11.8% (95%CI 9.8-14.2) in Ndhiwa (Kenya). The proportion of patients with advanced HIV was higher among men 15.3% (95%CI 13.2-17.5) than women 7.5% (95%CI 6.6-8.6) p < 0.001 overall and by country; 17.4% (95%CI 13.7-22.0) vs 9.3% (95%CI 7.4-11.8) in Ndhiwa (Kenya), 12.9% (95%CI 9.8-17.0) vs 5.6% (95%CI 4.2-7.4) in Chiradzulu (Malawi) and 17.0% (95%CI 12.5-22.7) vs 7.4% (95%CI 6.0-9.1) in Eshowe (South Africa). Of the individuals with advanced HIV disease, 27.0% had CD4 < 100 cells/µl and 11.7% were severely immunosuppressed (CD4 < 50 cells/µl). In all three countries, sex, ART coverage and viral load level distribution varied with CD4 level. HIV status awareness varied with CD4 level only in Chiradzulu (Malawi) and Eshowe (South Africa) ( Table 2 ). We found no difference in proportion of patients with advanced disease by age.
The cascade of care for individuals with advanced HIV disease is shown in Table 3 . In Table 4 , we present the cascade of care restricted to those individuals with CD4 < 100 cells/µl. Overall 240/383 (62.7%) individuals with advanced HIV disease were aware of their HIV status (two had missing HIV status awareness information), 165/365 (45.2%) had ever initiated ART (20 had missing ART status information; 11 from Chiradzulu (Malawi) and 9 from Eshowe (South Africa)), 147/365 (40.3%) were currently on ART and 103/381 (27.0%) had suppressed viral load (VL) (four had missing VL information). The cascade of care was similar for individuals with CD4 < 100 cells/µl in all three countries.
Overall, 252/358 (70.4%) of individuals with advanced HIV disease were not on ART or were on ART for <6 months. Most of those not on ART 143/218 (65.6%) had not previously been diagnosed as HIV infected. Of those diagnosed but not on ART 13/74 (17.6%) were not linked to care (one had missing linkage to care information). We found no differences in knowledge of HIV-positivity status by age group and sex among those not on ART. Ndhiwa (Kenya) had the highest proportion of individuals not on ART or on ART for <6 months 76.7%, followed by Eshowe (South Africa) 70.2% and Chiradzulu (Malawi) 58.8% (Figure 1 ). We found 18/75 (24.0%) of individuals with advanced HIV disease not currently on ART had been on ART previously. Almost all were from Eshowe (South Africa) and were mostly women.
Among those who knew their HIV diagnosis with advanced HIV, the proportion who had ever been on ART ranged from 53/93 (57.0%) in Ndhiwa (Kenya), Table 1 . Distribution of baseline characteristics by HIV status of 18,991 individuals who participated in the three surveys Kenya, Malawi and South Africa. Table 4 . Cascade of care of 104 advanced HIV disease individuals with CD4 < 100 copies/ml (to be added to the appendix). Most people who were still on treatment had been on ART for ≥6 months. Overall, among those who knew their HIV diagnosis with advanced HIV the proportion of men on ART for ≥6 months was lower than women (Tables 3 and 5 ). Of the 365/385 (94.8%) with ART status information, a further 7 were missing information about period on ART leaving 358 (93.0%) with complete ART information. Among 106/358 (29.6%) individuals with advanced HIV disease who were currently on ART for ≥6 months, the median (interquartile range (IQR)) number of months on ART was slightly lower than that of individuals without advanced HIV disease in all countries (23.1 (14.0-39.9) vs 30.4 (16.7-54.4) Ndhiwa (Kenya), 33.5 (13.8-78.1) vs 46.8 (13.0-72.2) Chiradzulu (Malawi) and 32.7 (14.2-61.9) vs 40.9 (18.9-68.6) Eshowe (South Africa)). Among all PLHIV on ART for ≥6 months, those with advanced HIV disease included fewer females (61.3% vs 74.8%) than those without advanced HIV disease (Table 6 ).
In the multivariable analysis, those with advanced HIV disease were (adjusted Odds Ratio [aOR]); 2.1 (95%CI 1.7-2.6) times more likely to be males, and aOR; 1.7 (95% CI 1.3-2.1) times more likely to not be on ART compared to those without advanced HIV disease (Table 7 ).
Discussion
The proportion of PLHIV with advanced disease at population level ranged from 8% to 11% with men twice as likely to have advanced HIV disease as women. We found that more than half of individuals with advanced HIV disease were not on ART; most of them were not previously aware of their HIV status highlighting the need for expanded and innovative approaches to HIV testing. However, we also showed that 40% of advanced HIV patients were currently on ART. As countries move to 'treat all', it is likely that fewer people will experience advanced HIV. However, there may be an increasing proportion still of some PLHIV with advanced HIV disease who have a history of previously having started ART and subsequently disengaged from care; interventions to ensure retention on treatment will therefore be crucial.
To our knowledge, this is the first study to give an estimate of the prevalence of advanced HIV disease from a population-based study. Our population estimates of the prevalence of advanced HIV were generally lower than most clinical cohort-based estimates which are almost 3 times as high. A study conducted between 2013 and 2015 in Kenya [16] found that 33% of HIVpositive individuals presenting for care had advanced HIV. Another study that measured trends in CD4 count at the start of ART in 55 countries [22] found that about 37% of individuals who initiated ART in Table 5 . 2015 had advanced HIV overall and the proportion was even higher in some countries [15, 23] . However, these higher proportions for clinic-based studies should be expected considering that many individuals present to HIV care because they are already sick and their CD4 count is measured at initiation of ART. Our population level estimates are not subject to this bias, though absence of clinical definition of advanced HIV in our survey may lead to an underestimate of true advanced HIV in the community.
Although our estimate of advanced HIV looks relatively low, this may be due to the more dynamic nature of individuals with advanced HIV disease. Individuals with advanced HIV disease are at high risk of mortality and morbidity especially if they are not started on treatment rapidly. Cross-sectional population surveys cannot estimate the longitudinal burden of advanced HIV over time as cohort studies do. Undiagnosed individuals with advanced HIV disease, however, pose a greater risk than patients in clinical care on ART, with respect to onward transmission, and also have much higher morbidity and mortality. Recent systematic reviews [5, 24] looking at predictors of mortality among individuals taking ART have shown that most deaths which occurred within the first 6 months of ART initiation were associated among other factors with advanced HIV (stage 3 and 4) and low CD4 count.
While the high proportion of undiagnosed advanced HIV is a major cause of concern, another important group are those who have advanced HIV despite having initiated ART more than 6months previously, especially those that have not achieved viral suppression and those that have disengaged from care and are no longer on ART. However, our study was not designed to address this issue as we did not collect data on the cause of viral non-suppression, which could be due to inaccurate information of duration on ART, treatment failure, previous gaps in care or poor adherence. Nevertheless, we found a high proportion of individuals with advanced HIV disease who had been on ART for ≥6 months to have unsuppressed viral load. Improving access to VL testing could help identify patients who are failing on first-line treatment and facilitate earlier switch to second-line.
We found men to be twice as likely to have advanced HIV, reflecting the fact that men generally tend to access treatment later [25] [26] [27] , have physiologically lower CD4 count than women and are slower in immune reconstitution while on ART [7, 28] . The fact that the cascade of care among individuals with advanced HIV disease was similar by sex supports a partial contribution of poorer immune recovery among men to the burden of advanced HIV disease. Indeed, we found that among individuals with advanced HIV disease on ART for ≥6 months, men were more likely to be suppressed. Several studies have shown that because of sex differences in immune reconstitution of individuals on ART, men with lower CD4 took longer than women to recover and reach CD4 count levels associated with lower risk of mortality and morbidity [7, 28] . Knowing CD4 count at diagnosis and subsequent time points, especially for older men, could assist in identifying those who are taking their treatment properly but have suboptimal immune recovery. Although our results showed no difference in terms of HIV status awareness by sex and age group among individuals with advanced HIV disease not on ART, this could be due to small numbers in the youngest age group. Unrestricted analysis (all HIVpositive regardless of ART status) of HIV status awareness by age showed that those at youngest age were less likely to be aware of their HIV status. Although Chiradzulu (Malawi) had the highest ART coverage at the time of the survey, it also had the highest proportion of individuals with advanced HIV disease not on ART who did not know their HIV status, suggesting ongoing gaps in diagnostic coverage. Implementation of 'treat all' should, therefore, give special attention to individuals with advanced HIV disease to realize greater impact in reducing the burden of HIV.
The inclusion of population-level data from three different countries and comparison of patients with advanced HIV across three settings are strengths of our study. A number of people did not participate either due to refusal or not being at home. However, it is difficult to tell how these would affect the results as we did not collect data on non-participants. Other limitations include missing data especially of ART status and duration on ART. Accuracy of date of ART initiation was difficult to ascertain for the calculation of duration on ART and we did not have information on whether some individuals had defaulted and were restarting treatment. Importantly, this was a secondary data analysis of studies conducted in 2013 or earlier and the prevalence and characteristics of people with advanced HIV may have changed. Nevertheless, although most countries have adopted 'treat all' there may be delays in implementation at the level of all facilities and our results would thus remain relevant for settings where 'treat all' has not yet been fully implemented [29] . Finally, as stated in the methods, the surveys were not representative at country level and subgroup analysis was not planned at the design stage analysis, therefore, our results should be interpreted with caution.
Conclusion
Our study demonstrates firstly that there is a substantial proportion of people with advanced HIV unaware of their status, indicating that there may be a role for different testing strategies to reach this group. Example of strategies includes HIV oral self-testing which WHO recommends [30] , community-based testing strategies especially for men [31] , HIV testing promotion in schools for the youngest generation and door-to-door testing campaigns. In addition, critical to reducing mortality and morbidity among individuals with advanced HIV disease is to identify them early among those newly tested HIV-positive using CD4 count test and to effectively and rapidly link them to care [14] . Although implementation of 'treat all' has rendered CD4 testing less important for determining ART eligibility [32] , continued use of CD4 cell count test to identify individuals with advanced HIV disease 'high risk' will be important. Secondly, a high proportion of individuals with advanced HIV disease had previously initiated ART, suggesting the need for improved retention and outcomes after ART start, through initiatives such as using more effective firstline regimens, access to viral load testing to identify treatment failure and peer-support to encourage reengagement in ART care in those who have become lost to follow up.
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Paper context
Despite substantial progress in antiretroviral therapy scale up, a number of people living with HIV continue to experience advanced HIV disease. Most available estimates of advanced HIV are based on clinical cohort data which is prone to selection bias. This may be the first study to quantify advanced HIV at population level. Our results suggest the need for alternative testing strategies to identify people living with HIV earlier, improving retention and virologic suppression on ART.
